
Original Articles

THE TREATMENT OF PULMONARY TU-
BERCULOSIS BY ARTIFICIAL PNEUMO-
THORAX, ACCORDING TO THE METH-
OD OF FORLANINI.*
WITH A REPORT OF TWENTY-ONE CASES

BY GERARDO M. BALBONI, M.D., BOSTON.

Prof. Carlo Forlanini of the Royal Univer-
sity of Pavia advanced for the first time in 1882
a theory for the treatment of pulmonary tuber-
culosis by creating a closed artificial penumo-
thorax on the diseased side. For various reasons
he did not make known his first attempts at
treatment with an artificial pneumothorax until
1894 when he brought the matter before the In-
ternational Medical Congress, held at Rome. A
report of this soon after appeared in the
Münchener Medizinische Wochenschrift.
Between 1882 and 1894 he made many ex-

periments in immobilization of the lung, both
on animals and on human beings. He first used
as media various liquids, but, finding that they
gave rise to serious disturbances, discarded them
and began to experiment with oxygen and air.
He found that oxygen was too rapidly absorbed
to be of any value and that air gave little better
results. He then turned to nitrogen, which
seemed to answer the purpose, and has since
continued its use.
In 1895 before the Italian Congress of Inter-

nal Medicine he reported the first clinical cure
of an advanced case of unilateral pulmonary tu-
berculosis. This was a case that had developed
a spontaneous pneumothorax and Forlanini sim-
ply maintained the pneumothorax complete by
frequent replenishings.
Strangely enough, in spite of his experiments

and success, the work of Forlanini remained
practically unnoticed and no one, even in Italy,
except his assistants, took up the work. He made
no other report on his method of treatment until
1906. Before 1890 he began in his clinic at the
University of Turin the artificial pneumothorax
treatment of tuberculosis, and during all the
intervening years continued to use this thera-
peutical method both in his clinics, at the Uni-
versity of Turin and at the University of Pavia,
and in his private practice. During all this time
he was gradually perfecting his technic and
closely observing the different difficulties that
arose, devising methods of overcoming them and
closely studying his cases.
It is interesting to know that in June, 1898,

an English physician, Dr. Stuart Tidey, noted
for his treatment of phthisis by external com-
pression (Piorry method), was present at a
clinic given by Forlanini, who, after the clinic,
showed him other cases he had under treatment
and the pneumothorax apparatus he was then
*Read at the annual meeting of The Massachusetts Medical So-

ciety, June 11, 1912.

using. In November, 1898, a London paper, the
Outlook, commenting favorably on the results
obtained by Murphy on a few cases which he
had treated with artificial pneumothorax ends
with the following :

' ' Curiously enough, an Eng-
lish physician, Dr. Stuart Tidey, has worked out
a similar method independently, and only a few
weeks ago discovered it in active and highly suc-
cessful operation in San Giovanni Hospital,
Turin, where it had been instituted nearly ten
years before by Dr. Carlo Forlanini." Very
little was done in Italy outside of Forlanini's
clinic, until lately, when T. Bresciani, Antonini,
Orlandini, Fontana, Maffi and others have taken
up the work.
This method of treatment has also been

adopted and the practice and theory of the
method studied by others in countries other than
Italy.

AMERICA.

J. B. Murphy of Chicago reported five cases
in 1898. These were all unilateral cases and at
the time of the report had been under observa-
tion but a few weeks. The technic was quite
unlike Forlanini's. Murphy used the incision
method and introduced large quantities of ni-
trogen at once, in amounts ranging from 1200
c.c. to 4500 c.c, repeating the injection after
two or three weeks. At that time Murphy said :
"I do not consider that it is indicated or prac-
tical in advanced or chronic tuberculosis, as the
fibrous tissue deposited in the lung will not per-
mit the compression of the lung, nor will the
pleuritic adhesions allow the injection of gas.
So far no conclusions can be drawn as to the
ultimate results of treatment. ' '
The next year Lemke reported a number of

cases, and continued to treat patients until the
time of his death in 1901. Schell of Indiana re-
ported a case of hemoptysis in 1899, in which

| he had induced a pneumothorax.
Except the little done by Harris and Mary A.

Lapham no one seems to have taken up the
work from 1899 until 1911 when Robinson and
Floyd of Boston reported their series of twenty-
seven cases and these clinicians' results were ex-
cellent. Robinson who has made a special study
of chest surgery improved the technic and sim-
plified the apparatus. The poor results obtained
between the above dates, I am inclined to at-
tribute to the technic used and its difficulties.

GERMANY.

In 1906 Professors Ludolph Brauer, Spengler
of Davos and Adolph Schmidt took up the work,
made clinical reports and advanced theories as
to the manner by which this form of therapy
acted. With the exception of Forlanini, Brauer
has done more in this work than anybody else.
These men followed Murphy's technic and at
the same time attempted to improve Forlanini's.
They treated advanced cases, in which an un-
favorable and fatal prognosis had been pre-
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dieted, yet in many instances with brilliant re-
sults, successfully refuting Murphy's conclu-
sions as to its indication and practicability.
Other clinicians have followed Brauer, in-

cluding Klemperer, Konzelman, Shreiber, Wurt-
zen, Wellman, Sampson and others, and all have
obtained good results. Many have discarded the
initial incision and now follow Forlanini's punc-
ture method in preference to Brauer 's and
Murphy's incision method. Brauer in a recent
work on this subject reports 102 cases and his
bibliography comprises over 400 works consulted
showing the attention this line of work is at-
tracting, especially abroad.

FRANCE.

Dumarest and Dessier were the leaders in
France and have been followed by J. P. Murat,
Balvay, Argelin and M. Paul Courmont, and
others. All of these men have used Forlanini's
puncture method with uniformly good results.

DENMARK.
In 1907 Christopher Saugman reported suc-

cess in a number of cases. Probably he, after
Forlanini, has done more than any one else to
improve the technic and render the method safe.
This clinician improved the technic by the addi-
tion of a manometer which measures intra-
thoracic pressure. It also indicates when the
needle is in the pleural cavity by respiratory os-
cillations shown on the manometer. He also
made improvements on the pneumothorax
needle. He and his assistant, Begtrup Hansen,
have since reported many successes.

ENGLAND.

It is claimed that about 1842 Carson, an Eng-
lish physician, then living in Liverpool, Eng-
land, suggested a pneumothorax in the treat-
ment of pulmonary tuberculosis. His experi-
ments were, however, those of a physiologist. He
showed that animals could live if an open inci-
sion were made in the thoracic wall, that per-
mitted external air to enter the thoracic cavity,
thus creating an open pneumothorax. But this
idea was never really put into practice, or if it
was actually attempted in an occasional case, re-
sults must have been disastrous, for the time of
Carson, 1842, was before the era of antiseptic
surgery. The serious nature of an open wound,
the grave danger to the mediastinum and the
inevitable infection of the pleura must have de-
cidedly prevented second attempts.
Forlanini's therapeutic pneumothorax is en-

tirely different, being based on certain personal
views as to the nature of the phthisical process.
It is a closed pneumothorax, and is followed by
a definite technic, upon which the success of the
method depends.
S. Vere Pearson, Herbert Rhodes, Claud Lil-

lingston and Colebrook have recently reported a
few cases, but very little has been done there ac-
cording to available reports.

TECHNIC AND PREPARATION OF PATIENT.

The apparatus is the one originally used by
Robinson, and the pneumothorax needle is the
author's modification of Brauer 's or Floyd's.
Hypodermic and pneumothorax needle are boiled
and placed in alcohol.
In all of the writer's cases the puncture

method as advised by Forlanini has been used.
The preliminary incision method as advocated
by Brauer has no advantages whatsoever, even
for first introductions, but has some disadvan-
tages in that it is a much more serious surgical
procedure. The danger from infection and the
possibility of considerable gas escaping into the
soft tissue and producing a subcutaneous em-
physema, especially after a paroxysm of cough-
ing, might prove uncomfortable for the patient
and troublesome for the physician as well as
dangerous. A subcutaneous emphysema would
necessarily interrupt the treatment until that
had been absorbed. H. Brauns of Hanover has
reported a case of suppurating fistula after inci-
sion and the production of a pyopneumothorax.
Furthermore, the puncture method can be un-
dertaken anywhere that the patient may be
without great preparation. If the first puncture
fails to find a pleural space further punctures
may be made, inasmuch as they are not attended
with discomfort to the patient.
As a rule treatment should not be begun in an

office but either at home or in a hospital.
The patients come to the office for treatment

in the morning and are instructed to eat a light
lunch an hour before coming. The morning is
chosen because at that time the patient is rested,
usually in good humor and free from excitement.
Forlanini's rule against giving women any treat-
ment during the menstrual period, which he has
found to increase the susceptibility to nervous
symptoms, is also followed. Three or four pa-
tients come at the same time, thus permitting
the physician to instruct them together and com-
pare conditions.
After a careful physical examination the pa-

tient is prepared for treatment. (It is cus-
tomary to take an x-ray of the chest when the
treatment is begun and at frequent intervals
during its course. )
The patient is placed in a comfortable recum-

bent or side position on an operating table or
bed, with the arm raised. Any intercostal space
below the third rib where the pleura is free and
lung margin mobile may be chosen. It is prefer-
able, however, to choose an intercostal space be-
tween the fourth and seventh ribs in midaxillary
line, where the muscles are thin. It is well to
separate the injection points a short distance
from one another so that the resulting cicatrices
will be small, regular and not massed in a small
space.
Having chosen the spot for the puncture the

part is cleansed (thorough asepsis being em-

ployed) and a solution of from % to 1 per cent.

 The Boston Medical and Surgical Journal as published by 
The New England Journal of Medicine. Downloaded from nejm.org at NYU WASHINGTON SQUARE CAMPUS on June 28, 2016. 

 For personal use only. No other uses without permission. From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society.



of novocain with a few drops of adrenalin is
injected under the skin as a local anesthetic,
using a common hypodermic syringe with a long
fine needle. In some cases, especially if pleural
adhesions exist, ys grain of morphia may be
added to diminish the discomfort due to the
pressure excited by the nitrogen. Anesthesia is
followed a few minutes later by the introduction
in a perpendicular direction of the pneumo-
thorax needle. It is inserted slowly, gently and
firmly to a depth varying according to the thick-
ness of the tissues. By introducing the needle
slowly a chance is given the visceral pleura to
retract. After reaching a certain depth the
stilette is removed from the needle and the
manometer opened. The introduction of the
needle is continued gently until the parietal
pleura is perforated, which is shown by a lack
of resistance and respiratory oscillation in the
manometer. One soon learns when the point of
the needle reaches the pleural cavity. Possible
puncturing of the lung is not a dangerous acci-
dent in itself, provided there is no introduction
of nitrogen, because the puncture in the lung is
immediately sealed up and causes no inconven-
ience, as has been clinically shown in doing
thoracentesis.
When the manometer is opened the pneumo-

thorax needle is held firmly in position. If the
point of the needle is in the pleural cavity, and
its lumen is not obstructed, the manometer will
show the characteristic respiratory oscillations.
If the characteristic oscillations are not obtained,
the needle is moved gently inward or outward,
or the stilette is passed into the lumen to remove
any obstruction, until respiratory excursions are
obtained, or if this fails after a few attempts,
another spot is selected.
In some cases no sooner had the needle passed

through the intercostal space than a marked de-
pression was seen in the manometer reading with
evident respiratory oscillations, indicating that
the needle was in the pleural cavity. In other
cases from the first there was a negative pres-
sure without respiratory oscillations from which
it was deduced that the point of the needle had
not perforated the parietal pleura. Often I
have been surprised at the ease with which the
pleural cavity was reached, although I must
confess I have had a few failures. In case the
needle has become obstructed the manometer re-
mains stationary without any change.
When the point of the needle is in a sub-

pleural space, the manometer may show varia-
tions corresponding to the respiratory acts, but
the pressure is positive. If in such a case one
allows a little nitrogen to flow in, the pressure
will actually be higher. In one case (J. A.,
No. 1) where I allowed 100 c.c. of nitrogen to
flow in, the patient felt considerable pain which
persisted for some days and necessitated mor-
phia.
If the needle is in the lung there is no nega-

tive pressure, nor are there any respiratory os-
cillations.

Frequently after two or three introductions
the negative pressure at the end of the introduc-
tion becomes positive, to become negative again
before the next introduction.
By adhering to the rule, Never let nitrogen

pass into the pleural cavity before the charac-
teristic respiratory oscillations are seen, danger
of fatal gas embolism is absolutely prevented
and the needle is held in that position.
At times it has been found difficult to intro-

duce the needle into the pleural cavity without
the needle becoming filled with blood. This has
happened to me in three different cases namely
9, 12, and 20. The needle was not in a lung ves-
sel because it had not yet reached the pleural
cavity as was shown by taking the needle out
and after cleaning it introducing it deeper and
obtaining the desired respiratory excursions.
On two occasions, cases 9 and 11, the needle

had entered such a large blood vessel that the
blood flowed back into the tubing and the man-
ometer showed a rising pressure only.
No attempts were made to introduce nitrogen

at such times and patient was told to return in
a few days.
When the needle is for a certainty in the pleu-

ral cavity, the manometer is shut off and the in-
troduction of gas commenced. Failure to obtain
the respiratory excursion may be due to ad-
herent pleurae, point of needle in lung tissue,
point of needle in a band of adhesions, point of
needle in a blood vessel. The needle may not be
deep enough to have reached the pleural space.
The needle may be blocked or the apparatus out
of order.
At the first introduction small amounts are

given. In this series the amount has varied
from 50 to 500 c.c. At subsequent introductions
larger quantities can be given, as the pleura
soon becomes accustomed to this form of trauma
and will then tolerate large quantities without
discomfort. Later, quantities varying from
1000 to 2000 c.c. of nitrogen have been intro-
duced with absolutely no symptoms. No matter
how well a patient stands a first introduction of
nitrogen, it is not well to give more than 500 c.c.
I have seen two patients in great discomfort
after a first introduction of 1000 c.c. With
small amounts at frequent intervals the organs
in the mediastinum are not subject to sudden
displacement, but to a gradual accommodation.
In this way, too, the sensitive pleura is not un-
duly stretched. As pneumothorax is produced
gradually there is no sudden evacuation of cavi-
ties—instead these are emptied gradually thus
preventing the infection spreading to sound
lung. (Forlanini and Schmidt report a case
each where sudden emptying of cavities infected
sound lung.)
There is one exception to the rule of intro-

ducing small quantities of nitrogen and that is
in hemoptysis. In such cases the pneumothorax
is established in an emergency to arrest a serious
hemorrhage. The pneumothorax, by strongly
compressing the lung, probably diminishes the
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arterial circulation, and certainly exerts a favor-
able action on the accident itself. Forlanini
considers it of inestimable value in these cases.
In case 14 after establishing a complete com-

pression of the bleeding lung no hemorrhages re-
appeared although they had been frequent be-
fore resorting to the pneumothorax. In this
series it was tried in three of the cases that had
hemorrhages. In two no hemorrhages have
since reappeared and in the other the hemor-
rhage was arrested but the patient succumbed to
a mixed infection and to injuries received in a

brawl.
In Case 14 severe hemorrhage was stopped by

the introduction of 1800 c.c. nitrogen which ap-
parently immobilized the lung. Four days later
motility of lung returned and with it a second
slight hemorrhage. 1200 c.c. nitrogen was intro-
duced and this appeared sufficient to immobilize
the lung.
Before removing the pneumothorax needle it

is well to measure the intrathoracic pressure. If
it be found excessive or should the patient com-
plain of excessive discomfort, the pressure may
be reduced by allowing the escape of part of the
nitrogen thus reducing the tension. The pneu-
mothorax needle is so constructed with two keys
as to readily allow this.
After removing the needle pressure should be

made over the point of puncture to prevent any
escape of gas.
Patients return every day or two until a pneu-

mothorax is produced that completely immo-
bilizes the lung and obliterates the abnormal
sounds. After this the patient comes at regular
intervals for examination and for the replenish-
ment of the nitrogen lost from absorption, so
that the immobilization ought never to mate-
rially diminish.
Forlanini says, " It is a fundamental principle

of the treatment and a condition sine qua non
of success that that volume and pressure of the
pneumothorax be gradually increased to the ob-
literation or almost complete obliteration of the
respiratory sounds."
I try to wholly obliterate the respiratory

sounds, but this is often impossible and naturally
difficult to maintain. I am satisfied, however, in
certain cases if I can wholly obliterate the ab-
normal sounds without discomfort to the patient,
for then I know that the lung is being immobil-
ized, and taking very little part in the respira-
tory act. One's practice in this regard must be
controlled by the comfort of the patient and
especially by the behavior and tolerance of the
adjacent organs which are compressed or dis-
placed. The manner in which the other organs
are affected furnishes useful indications for the
conduct of the treatment. Adhesions which
limit the displacement of the heart, for instance,
are beneficial, because they permit a pneumo-
thorax at high pressure without displacing the
heart much (Case 7). In a case of this series
(Case 13) the x-ray showed many adhesions be-
tween pleura and pericardium—Dr. Robinson

saw this case with me. We were able to intro-
duce 1500 c.c. of nitrogen without perceptible
variations of the apex beat. One week previous
to this an incomplete pneumothorax from 1000
c.c. of nitrogen had been produced. Two days
later I was able to introduce another 1000 c.c.
without trouble.
After having established the pneumothorax

the neighboring organs naturally feel its effects.
If on the left side of the chest, displacement of
heart and aorta may be marked and may reach
a complete dextrocardia. (Case 14.) For this
reason great care must be used and the pneumo-
thorax produced less rapidly.
The other lung feels the effect of the near and

pressing pneumothorax more than any other
organ. In the treatment with pneumothorax it
is likely to show intolerance, especially if dis-
eased foci exist. This is due to the limit of dis-
placement that the mediastinum can undergo
in its functional space. In several cases For-
lanini had to stop treatment and resume it with
great care and very slowly on account of this
displacement.
He says : "To obtain curative effects from the

pneumothorax, the pneumothorax must be of a
definite volume and be kept at that volume with-
out material variation and interruption, so as to
maintain immobilization of the lung during the
whole period of treatment. A pneumothorax
that does not completely fulfill these conditions
will fail in its object. A residual motility of
respiration or a recurrence of motility during
the treatment would necessarily bring about a
persistence or renewal of the destructive
process."
This fact is well borne out by cases in this

series. In these instances the patients were do-
ing well, while they came every week for exami-
nation and replenishment of nitrogen ; but when
they did not report for treatment for from three
to five weeks, they either lost flesh or their
cough and expectoration became very trouble-
some. On physical examination it appeared that
the pneumothorax was partially absorbed and its
upper limits reached the fifth and sixth inter-
costal space anteriorly. The pneumothorax was
again completed and maintained, then improve-
ment again took place. Only with a well disci-
plined patient completely under the control of
the physician can a complete and successful
pneumothorax be maintained and then by fre-
quent replenishment of nitrogen gas. Any pa-
tient receiving treatment should understand
that it is dangerous for him to leave off treat-
ment at any time and that he must remain under
the surveillance of the physician until cured.
The treatment by artificial pneumothorax is

distinguished from all other treatments in
phthisis by this special characteristic—that it
cannot be interrupted without meeting possible
serious consequences.
It is evident that after having obtained immo-

bilization there gradually takes place in the lung
the process of repair ; the contraction of the lung
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is at first produced only by the pneumothorax,
but later also by the anatomical modifications,
that is, the obliteration of cavities and the
cicatricial constriction. Now, if in this state of
things, the pneumothorax is allowed to diminish,
the resulting space not being occupied by the
lung which is in part contracted and inexpan-
sive, there is established in the pleural cavity
an elevated negative pressure which will add it-
self as a new factor of perforation to the re-
kindled destructive process with the loss of im-
mobilization. The obliterated cavities may be
reestablished on the edges or walls of these and
of those of new formation. The pleuritic decom-
pression will exert a traction outward which be-
ing ever placed in a position of increased ten-
sion will aid toward perforation.
In private practice to carry on the treatment

to the best advantage to the patient, two or more
physicians should take charge of the treatment,
so that in case one is obliged to give it up
through accident, the other can continue it.
Lowering of the diaphragm may give rise be-

cause of pressure on the stomach to temporary
gastric disorders, which are slight and soon pass
off. They consist of slight pain, intolerance of
any quantity of food, fullness after meals and
even vomiting. (Cases 9-10-12.)
Rapidity of absorption of nitrogen gas differs

with the pathological condition of pleura and
lung. According to Dr. Dumarest's experience,
a healthy pleura absorbs 1000 c.c. of nitrogen
gas a month. I am not prepared to accept this.
In the diseased condition it is certainly more
than this amount. In one of the cases of this
series, after the introduction of 2500 c.c. gas,
given in divided amounts in five treatments, the
physical examination and the x-ray showed the
pneumothorax to be complete and only 100 c.c.
a week were used to maintain it. In other cases
of this series, especially the old advanced cases,
the nitrogen was absorbed so rapidly that it was
necessary to replace the loss by introductions
every few days.
The rapidity of absorption of nitrogen gas isaffected by many factors, depending on the

pathological condition of the pleura and of the
lung involved, on the temperament and activityof the individual and the time of treatment.
The nitrogen is more rapidly absorbed where :
(a) The pneumothorax is not complete and

the affected lung still takes active part in the
respiratory movement.
(o) The greater portion of the lung is dis-eased especially if the process is bilateral and

there is cavity formation, because a greater
amount of nitrogen gas is needed to keep lungcompressed. (Cases 7-9-10.)
(c) The individual is active, i.e. working ortaking considerable exercise.
Absorption is slower where:
(a) The lung is completely compressed.(Cases 2-4-14.)

( b ) The pleura is diseased, as from active in-
flammatory processes or adhesions. (Case 14.)
(c) There is an active inflammatory process

in either pleura or lung.
(d) The patient is quiet.
The nitrogen gas when not held by adhesions

in pockets tends to spread in a uniform manner
around the lung and keep it compressed.
THEORIES AS TO THE ACTION OF PNEUMOTHORAX.

It is a well known clinical fact that phthisis
not rarely assumes a favorable course if the af-
fected lung becomes compressed by a pleural
exúdate or by a spontaneous pneumothorax.
Forlanini's theory, however, is a complex one
based on personal conclusions regarding the na-
ture of the phthisical process, from which it is
a natural deduction that the absolute immo-
bilization of the lung necessarily inhibits the de-
structive process.
The theories advanced as to the cause of action

of therapeutic pneumothorax are based on the
mechanical immobilization of the lung and the
diminished circulation resulting therefrom.
The compressive action of the penumothorax

brings about its results in, accordance with the
general precept of surgical therapy, that the
reparation of the solution of continuity demands
the permanent evacuation of the contents and
the bringing of the walls into contact. For-
lanini's theory is that the destruction of pul-
monary tissue and the resulting cavities are
nothing less than solutions of continuity which
do not heal because they are never completely
emptied, but are, on the contrary, kept irre-
ducibly gaping or open by the relative rigidity
of the thoracic cavity. A properly produced
pneumothorax frees or separates the lung from
the thoracic wall, immobilizes and compresses it,
reduces the cavities and empties them and by the
coalition of their walls brings about their oblit-
eration and cicatrization.
Another factor also comes into play. What-

ever may be the manner of entrance into the
lung of the pathogenic germs that cause phthisis,
the successive spreading of the process comes
about usually through the * respiratory tract.
Some part of the septic material, as it is beingexpelled during expiration, is easily drawn back
into the lung during inspiration, causing the
continuous formation of new foci of infection.
The immobilization of the lung overcomes this,
the prevailing, if not the only, cause of the con-
tinual spreading of the process. Thus the other
lung, if not already diseased, is protected,
spreading of the infection into other parts of
the body, such as larynx and intestines, may be
prevented, and a means of combatting the
spreading of the disease in general may be se-
cured.
Shingu has shown experimentally in animals

that in the compressed lung there is a lymphatic
stasis. With the elimination of respiration, which
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is an essential factor in the maintenance of a
regular lymphatic circulation, a stasis of lymph
naturally results. From the lymph stasis a
diminution of the absorption of the toxins on
the part of the organism and a general improve-
ment in the condition of the patient are pro-
duced.
Pigger and later U. Carpi, studying the op-

sonic index in patients that were treated with
artificial pneumothorax, proved that the opsonic
index is increased if the diseased lung is immo-
bilized, providing complications of a tuberculous
nature do not arise elsewhere. The opsonic
index, after certain initial oscillations, reaches in
a constant manner a value above normal, which
will still show increase corresponding to the new
introduction of gas.
H. Brauns of Hanover by using the rapid pre-

cipitation method of Spengler, has observed an
increased immunizing value of the blood after
each introduction of nitrogen.

PATHOLOGICAL CHANGES.

The pathological observations of cases that
have come to autopsy, the patients dying of in-
tercurrent diseases, have given anatomical proofs
of recovery through, cicatrization of all the de-
structive lesions of the lung which had been
treated with artificial pneumothorax. Forlanini,
in the microscopical study of three cases noticed
that the compressed lung undergoes great modi-
fications. First, he noticed atelectasis ; second.
an extraordinary tendency to the formation of
connective tissue and formation of hard masses
about the bronchi, large vessels, and in the pneu-
monic foci ; third, the formation of a capsule
about the old tuberculous foci and a tendency
to cicatrization; and finally, very few recent
tuberculous foci were visible and these contained
very few tubercle bacilli and there were no giant
cells. Grœtz, Dräsche and Wurtzen have since
confirmed these findings.
It can be readily understood that the anatomi-

cal healing of the lesions comes about slowly. Itis the work of months, or even years; it may
never come about or it may be partial. There
takes place in the lung what is noticed in the
articulations and in the bones in cases of tuber-
culous ostitis and arthritis, with immobilization
by apparatus. After a long time the tuberculous
tissue is fixed, is organized and is absorbed. At
this point the cavity walls are reduced to a state
of a granulating wound, coalesce, cicatrize and
then the healing process becomes definite. But
before granulation and cicatrization and the
formation of connective tissue about the tubercle
takes place, a long time elapses and during all
this time the pneumothorax must be maintained,
always at the proper volume and tension, andthis means not several weeks, but many months.
Here lies the great difficulty, for patients as a
rule are very loathe to remain under treatment
as soon as symptomatic relief is obtained.
How long shall the pneumothorax be kept up ?

Authorities differ, but all agree it must be kept
up for a long time. It is not possible to give a
definite length of time which will include all
cases, so much do conditions vary; but when we
consider the gravity of the tuberculous lesions
in advanced cases of phthisis and the persistent
formation of cavities, it is apparent that it must
be kept up for a long time; two years or more.
So far, for the most part only advanced cases
have been treated. In 1908 Forlanini advised
treating very early cases that had not done well
with the present forms of treatment. One of the
cases, No. 4 of this series, is of that type. This
patient feels perfectly well, and has not received
any injections of nitrogen for seven months.
The last x-ray showed a pneumothorax fairly
complete, but one which had diminished from
an x-ray taken two weeks previous. No more
injections will be given to this patient unless
symptoms should develop, which, from the pres-
ent condition of the patient, seems unlikely. The
pneumothorax is being allowed to absorb gradu-
ally.
In another case of this series (Case 3) no in-

jection has been given since July, 1911. The
present condition is satisfactory. No tubercle in
sputum, no cough, feels perfectly well.
On physical examination the pneumothorax is

completely absorbed, a slight dullness and bron-
chial breathing at the apex still persist, no râles
are heard. The lung has completely expanded.
The process is inactive. After a clinical cure has
been obtained, especially in early unilateral
cases where lesions are slight, provided tubercu-
losis of the pleura does not exist, the pneumo-
thorax may be allowed to gradually absorb. In
such a case there is no reason to fear that any
structural changes in the pleura, such as to
compromise its function or to bring about adhe-
sion of the layers of the pleura, have resulted
from the long absence of contact between the
pleurae or their long contact with nitrogen.
Forlanini, however, insists that immobiliza-

tion of the lung be maintained so as to prevent
a rekindling of the disease as a result of the rë-
expansion of the lung. He has cases where he
has been maintaining a complete pneumothorax
for ten years or more by repeated insufflations in
patients who are well and attending to their oc-cupations. Forlanini says that the pneumo-
thorax must be kept up indefinitely in the fol-
lowing cases :

1. In cases of advanced phthisis where there
are extensive or disseminated foci, where a good
part of the lung is involved and there are no
large masses of lung free, lest adhesion of the
layers of the pleura, especially if there has been
a pleurisy, may result.
2. In cases where the other lung has lesions

or is threatened.
3. In unilateral cases where the lesions are

extensive, the healed lung is reduced to a con-
tracted cicatrical mass, which cannot reëxpand
so as to reoccupy the thoracic cavity when the

 The Boston Medical and Surgical Journal as published by 
The New England Journal of Medicine. Downloaded from nejm.org at NYU WASHINGTON SQUARE CAMPUS on June 28, 2016. 

 For personal use only. No other uses without permission. From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society.



pneumothorax is absorbed. It is kept up for
the purposes of preventing deformity of the
thorax and the subsequent displacement of or-
gans in the mediastinum and in those adjacent
to the diaphragm.
He advises maintenance of the pneumothorax

because the absorption of the pneumothorax
would be of little advantage and because the re-
plenishing of the pneumothorax is a measure
which is required less frequently as time goes on,
and the trouble is amply compensated for by the
good results obtained.
During the course of treatment, which may

have extended over months, the pleura has been
in contact with the nitrogen gas, that is to say,
in a medium not physiological. This long con-
tact may cause structural alteration to take place
in the parietal and visceral pelura, and these
coming into contact, cement and thus partially or
totally obliterate the pleural cavity. This would
naturaly prevent later treatment by artificial
pneumothorax or render it more difficult. Evi-
dence shows that the compressed lung retakes its
normal function once it has reëxpanded. ( Cases
3-5-7.) However, if the process has not com-
pletely healed, the reëxpansion of the lung may
cause the process to become active again.
(Case 5.)
In the tuberculous healed lung there exist ab-

normal anatomical changes and the lung is the
lung of an individual predisposed to the disease
because he has been once ill with tuberculosis.
The tuberculous process may start up de novo a
second time. If this comes about, the treatment
can be instituted again.
The discontinuance of a pneumothorax espe-

cially in unfavorable sanitary conditions will
only result in bringing about new areas of infec-
tion; while the epithelium of the bronchial
mucosa and the pulmonary stroma weakened
from the ischemia, from the compresison and the
inertia, have not taken up their vitality and their
ordinary phagocytic function. In this and in
bad hygienic surroundings lie the causes of the
failures in the eases where the treatment is un-
dertaken for only a short time.
In 1908 Dumarest visited Forlanini's clinic at

Pavia. After the clinic Forlanini took him to
see a young woman with whose history he had
been made acquainted. She had had a complete
pneumothorax for the last ten years. During
this time she married, had a child and kept a
notion store. When he entered Dumarest saw a

pretty, gracious person in the best of health.
Dumarest asked why he still kept up the pneu-
mothorax. "Ah! me dit-il, c'est qu'une jeune
et jolie femme tiente a' la symétrie de son tho-
rax."
What influence does the placing at rest of one

lung exercise on the other lung? Forlanini has
shown that a properly proportioned pneumo-
thorax of one side does not injure the noncom-
pressed lung. If the noncompressed lung is
healthy it is capable of carrying on alone the res-
piratory functions of the organism and doing the

work of both lungs. If the noncompressed lung
is diseased and the lesions are not so extensive as
to allow compensatory respiration for the com-

pressed lung, Forlanini claims that its lesions
may heal or be arrested through a mechanism
not easily explained, but which is exactly oppo-
site to that by which a cure is effected in the
compressed lung, that is, by increased respira-
tion and increased blood and lymphatic circula-
tion. From these things a better nutrition re-
sults that protects those portions of lung not yet
affected. The site and nature of the lesion in
the noncompressed lung is of more importance
than its extent. Apical lesions are not as dan-
gerous as lesions situated centrally; an arrested
process may carry on the respiratory functions
without giving rise to untoward symptoms. The
ingenuity of the physician will be taxed to the
utmost in dealing with a bilateral case present-
ing an extensive active process of one lung and
an active process in the other especially if the
lesions are centrally located and the patient is
septic. The lesions may be aggravated by the
increased function or by the amount of toxins
liberated, so that the treatment may have to be
discontinued for a time, or abandoned, or con-
ducted very cautiously.
Whenever in the noncompressed lung there

has been evidence of consolidation, following the
injections of nitrogen, the dullness of percussion
and the resistance were less marked. Oftentimes
the dullness disappeared entirely and the breath-
ing throughout the lung took on a harsh and ex-
aggerated character. The clinical experience of
Forlanini, later observations and the cases of this
series are the basis for this opinion.
Does a complete pneumothorax inconvenience

the patient?
All the cases of this series with two exceptions

(Cases 15-20) are working and have kept at
some work continuously during the treatment.
The cases of this series, of which we possess a
radiograph showing a complete pneumothorax,
prove that they are not inconvenienced in the
least. Some of these patients do the work of a
common day laborer.
Case 5 is a furniture dealer, having to carry

considerable weight up and down flights of
stairs. He has not lost a day's work since he
has been under treatment.
Case 12 ran a distance of fifty yards the other

day without any inconvenience. This is a thing
he had not dared to do since he became sick a
year ago.
Case 4 had a complete pneumothorax of the

right lung previous to her marriage; that is
still complete and she is now seven months preg-
nant and does all her own work.
Case 1 does all her work.
Case 14 is up and about with a complete

pneumothorax of the left lung. He experiences
no trouble from it whatever.

(To be continued.)
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